Potential long-term negative effects of increased vitamin D consumption are not thoroughly examined. The aim of this study was to investigate possible negative effects of vitamin D supplementation on serum lipids and lipoproteins. A 1-year long randomised double-blinded placebo-controlled intervention study with two doses of vitamin D3 (10 and 20 mg/day) was carried out among 89 women (18-53 years of age) and 84 men (18-64 years of age) of Pakistani origin living in Denmark with low vitamin D status. This study did not find changes in total cholesterol, LDL-cholesterol, HDL-cholesterol, LDL-cholesterol/ HDL-cholesterol ratio, VLDL-cholesterol and triacylglycerol after daily supplementation with 10 or 20 mg vitamin D for 1 year. In conclusion, increasing the vitamin D intake by 10-20 mg per day for 1 year is safe for Pakistani immigrants with regards to serum lipids and lipoproteins.
Introduction
Increasing vitamin D intake through fortification and/or supplementation to groups in risk of deficiency is topical in most European countries. Presently, the tolerable upper intake level is set to 50 mg vitamin D per day for adults and 25 mg for children (Young and Garza, 1997; Alexander et al., 2004) . However, potential long-term negative effects of increased vitamin D consumption have not been thoroughly examined.
In the 1960s-1970s an association between excess vitamin D consumption and coronary heart disease was suggested (Linden, 1974) ; however, later biochemical analyses did not confirm that high vitamin D status was associated with higher risk of myocardial infarction (Vik et al., 1979) . In 1997, a Finnish study found significant higher LDL-cholesterol (LDL-C) and lower HDL-cholesterol (HDL-C) after 3 years of vitamin D supplementation (Heikkinen et al., 1997) . Shorter intervention studies (6 weeks to 1 year) did not find an effect (Carlson et al., 1970; Lips et al., 1988; Gannage-Yared et al., 2003) . This randomised intervention study examined the effect of current recommended supplementation levels on serum lipids and lipoproteins among vitamin D deficient Pakistani immigrants.
Subjects and methods
The study was a 1-year long randomised double-blinded placebo-controlled intervention study with two doses of vitamin D3 (10 and 20 mg/day) among 89 women and 84 men of Pakistani origin living in Denmark. The subjects were seen three times (months 0, 6 and 12). The main endpoints were serum LDL-C, HDL-C, total cholesterol (T-C) and triacylglycerol (TAG).
The subjects, recruitment, tablets, sampling, compliance and 25-hydroxyvitamin D analyses are described elsewhere (Andersen et al., 2008a, b) . The local ethics committee and Danish Medicines Agency approved the study protocol (Andersen et al., 2008a) , and the study was carried out in accordance with the Declaration of Helsinki. The written informed consent was obtained from all participants.
Serum concentrations of triglycerides, T-C and HDL-C (after precipitation of the serum samples with dextran sulfate/MgCl 2 ) were determined using a Vitros 950 analyser (Ortho Diagnostics, Rochester, NY, USA). LDL-C, HDL-C, VLDL-cholesterol (VLDL-C), T-C and TAG were analysed at the Department of Clinical Biochemistry, Hvidovre Hospital, University of Copenhagen, Denmark. The concentration of serum VLDL-C was calculated by using the equation VLDL-C ¼ TAG Â 0.45 and the concentration of serum LDL-C by using the equation LDL-C ¼ T-C -HDL-C -VLDL-C.
The statistical analyses were performed for women and men separately. The significance level was chosen as 0.05. SAS version 8.02 (SAS Institute Inc., Cary, NC, USA) was used. ANOVA or non-parametric ANOVA were performed to compare the three treatment groups at baseline. Age and baseline corrected multiple regression (General Linear Model) was performed to quantify the effect of tablet dose (0, 10 or 20 mg vitamin D3/day) on the various outcomes at endpoint (12 month) as an intention-to-treat-analysis. Outcomes were serum lipids and lipoproteins, all logarithmically transformed, whereas age was included as a quantitative covariate without transforming. Pairwise comparisons between the three dose groups were performed using Tukey's adjustment. To investigate further the dose-time interaction, all three time points were included in a repeated measurement analysis (MIXED), including subject as a random factor (compound symmetry correlation structure). Age was included as a quantitative covariate, dose and time as fixed factors, the later described by two dummy variables indicating successive time differences.
Results
Baseline characteristic of the subjects are shown in Table 1 . There was no significant difference (ANOVA or nonparametric ANOVA) between the three treatment groups at baseline (month 0) in HDL-C, LDL-C, VLDL-C, T-C, TAG, 25-hydroxyvitamin D, dietary vitamin D and calcium intake, smoking habits, body mass index and age for women and men (P40.05).
There was no significant difference (General Linear Model) between the three treatment groups at the end of the study (month 12) in HDL-C, LDL-C, LDL-C/HDL-C ratio, VLDL-C, T-C and TAG (P40.05); and there was no significant dosetime interaction (MIXED) in HDL-C, LDL-C, LDL-C/HDL-C ratio, VLDL-C, T-C and TAG (P40.05), neither for women or men. Biochemical data for month 6 and 12 and P-values Table 2 .
Percentage of women and men, respectively, with serum lipids outside normal ranges (mmol/l) were as follows: LDL-C44.5: 1 and 5%, HDL-Co0.9: 4 and 22%, T-C46: 6 and 19%, TAG42.2: 10 and 35%.
Discussion
This study investigated possible side effects of vitamin D supplementation in a severely vitamin D deficient immigrant group. No significant effect of the 1-year long supplementation on any of the lipids was found; suggesting that vitamin D supplementation in small doses does not increase the risk of ischaemic heart disease in this group. The vitamin D supplementation was given to improve bone status; therefore, the power was calculated with regards to an increment in Bone Mineral Density (BMD) (Andersen et al., 2008a) . Owing to the low vitamin D status at baseline (Table 1) (Andersen et al., 2008b) , the 25-hydroxyvitamin D status only increased to about 45-54 nmol/l (Andersen et al., 2008a) .
In a Finnish study investigating the effect of postmenopausal hormone replacement therapy LDL-C was significantly increased by 4.1% and HDL-C decreased by 5.2% after 3-years intervention with 7.5 mg vitamin D per day; LDL-C was also significantly increased after 2 years, but none of them were significant after 1 year (Heikkinen et al., 1997) . T-C was increased after 2 years, but the effect was nonsignificant after 3 years. TAG was significant increased and HDL/LDL-ratio decreased after both 2 and 3 years of vitamin D intervention (Heikkinen et al., 1997) . No effect on blood lipids and lipoproteins were found in a 12-week vitamin D and calcium intervention study (Gannage-Yared et al., 2003) and in a 1-year vitamin D intervention study (Lips et al., 1988) (dosages 10-20 mg/day). Therefore, the negative effects beyond 1 year still remain unclear.
In conclusion, increasing the vitamin D intake by 10-20 mg per day for 1 year is safe for vitamin D deficient Pakistani immigrants with regard to serum lipids and lipoproteins. The longer term side effects remains unclear. Vitamin D and serum lipids R Andersen et al
